The question of whether novel, structurally different protein folds might have arisen from existing ones is crucial to understanding protein evolution. Recent work on cysteine-rich domains in Hydra proteins illuminates how evolutionary transitions between dramatically different structures might occur.
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It remains a mystery how the first proteins might have evolved. The mystery is multiplied by the large number of apparently unrelated proteins that exist in nature. Many of the millions of known protein sequences are clearly evolutionarily related to each other, having diverged from common ancestral proteins. Grouping evolutionarily related proteins together based upon sequence similarity yields tens of thousands of protein families [1, 2] . Further evolutionary relationships can sometimes be inferred from structural similarities between proteins, as these tend to persist beyond the point where sequence similarity becomes undetectable [3] . But even after this deeper level of clustering has been applied, there are more than a thousand distinct protein folds. Did all these proteins with distinct three-dimensional folds originate independently? Or did many of the distinct protein folds observed in nature arise from each other through structural transitions that are not yet fully understood? In this issue of Current Biology, Meier et al. [4] weigh in on this question by illuminating an evolutionary transition or ''bridge state'' between two small protein domains whose folds are structurally dissimilar.
Cysteine rich domains (CRDs) are small protein domains, roughly 25 amino acids in length. They are stabilized by three disulfide bonds and they appear in multiple copies in various structural proteins. Milbradt et al. [5] recently discovered that the two CRDs in the protein minicollagen-1 from the cnidarian polyp Hydra have different disulfide bonding patterns and adopt distinctly different fold structures, despite clear sequence similarity and apparent homology. Now, Meier et al. [4] have examined the structural transition between the two distinct folds observed for the CRD domain. Working with a CRD called NW1 from a different protein (NOWA) of Hydra, they show that their CRD can be converted by single amino acid changes from a structure that resembles the amino-terminal CRD of minicollagen-1 to a structure that resembles the alternative conformation seen in the carboxyterminal CRD of minicollagen-1. Single-site mutants of NW1 can show both of the distinctly folded conformations. The experiments provide a dramatic example of the kinds of large structural transitions that can be driven by small changes in amino acid sequence.
Various mechanisms by which proteins might undergo evolutionary transitions from one fold to another have been categorized based on structural comparisons of divergent protein families [6] . In addition, in a few cases significant transitions in structure have been demonstrated following one or a few amino acid mutations in a protein sequence. Examples include transitions between beta-strand and alpha-helical conformations in mutants of the Arc repressor [7] and in the Kazal-type serine protease inhibitor domain [8] . Such cases illustrate the plasticity of proteins, especially at the secondary structural level, as has been emphasized by the study of 'chameleon sequences', which can adopt either alpha-helical or beta-strand conformations depending on the three-dimensional interactions they make with the rest of the protein structure [9] It could be argued that protein domains that are larger and more typical than the CRD would not readily undergo complete rearrangements to give discrete alternative structures. However, it is difficult to rule out the possibility that such transitions have occurred during protein evolution, as they would be extremely difficult to identify in the absence of conserved sequence or structure. Furthermore, one might counter that the formation of amyloid aggregates by a wide range of rather ordinary proteins demonstrates that such transitions might be more common than we think [13] . The growing evidence for structural plasticity and intrinsic disorder in proteins also supports the notion that many proteins are able to sample a range of different three-dimensional conformations in the cell [14, 15] . This would critically enhance the likelihood of evolving stable new protein folds.
In the area of protein folding, landscape models have been helpful in guiding modern thinking about how proteins manage to reach their native configurations [16] . These models ascribe an energy surface to the entire space of possible three-dimensional configurations for a protein.
Landscape models may also be useful in understanding how protein folds are related to the entire space of possible protein sequences (Figure 1) . Experiments, such as those of Meier et al.
[4] on bridge-states between different protein folds should help illuminate the nature of that landscape. One idea that emerges from such a landscape view is that the well-established degeneracy between protein sequence and protein structure may be important in making transitions between different folds possible. In any given protein fold, the identities of some amino acids are important, while a great deal of sequence variability is permitted at other positions [17, 18] . This general property implies the existence of broad wells in sequence space around any given fold. This would be an essential feature for enabling evolutionary transitions between different protein folds.
Finally, along with other areas of cell biology, structural biology has become a battle ground for recent public debates on evolution [19, 20] Conflict is a fact of life in social species. New data from birds enhance our understanding of how and why evolution has favored mechanisms to resolve disputes and manage conflicts.
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In many mammalian species, including our own, sociality is the norm. Animals may be better off in groups because they are safer from predators, better able to defend food resources, or profit from sharing information. But these advantages do not necessarily produce social harmony. Noisy squabbles over food, mating opportunities, grooming partners, maternal attention, resting spots and social status punctuate the day. Clearly, animals that depend on being together may need some help in getting along. A growing body of evidence from an increasing range of animal taxa suggests that evolution has provided animals with behavioral tools to resolve conflicts [1] . For example, after two female baboons fight, the winner may approach the loser and grunt softly to her [2] . The grunt signals her intention to stop fighting, and enables her to interact peacefully with the female she has just defeated [3] . Similar kinds of 'reconciliatory' events have been documented in a number of primate species [1], as well as spotted hyenas [4, 5] , domestic goats [6] and bottle-nosed dolphins [7] . In this issue of Current Biology, Seed et al. [8] report data that extend the study of conflict resolution to birds. The work focuses on rooks, which form pairs within larger flocks. Rooks virtually never squabble with their partners, but they do become embroiled in conflicts with other members of their flocks. When this happens, rooks do not reconcile with their former opponents.
The absence of reconciliation in rooks provides some insight about its function. In monkeys, conflict is evidently stressful. After monkeys fight, their heart rates rise and remain elevated for several minutes. If monkeys reconcile, their heart rates return to baseline levels more quickly than they otherwise would do [9] Although this explanation for reconciliation seems intuitively appealing, it is not clear that it is correct. We do not have compelling evidence that conflict has negative long-term effects on social bonds in primates or other taxa, or that reconciliation is needed to maintain close bonds. In fact, rates of conflict are often quite high among pairs of females who have very strong bonds, such as sisters. We also know that the same pairs of monkeys fight and reconcile, over and over again. It seems reasonable that the efficacy of reconciliation would decline after repeated offenses, unless monkeys have very short memories or very forgiving natures. Neither seems very plausible.
It is possible that reconciliatory gesture, like the baboon's grunt or the chimpanzee's kiss, may be more like a cease fire than an armistice. These gestures may be predictive signals which indicate that the caller does not intend to resume the conflict [14] . This might be useful because conflicts have clear beginnings, but quite ambiguous endings. Uncertainty about whether a conflict will flare up again is thought to contribute to monkeys' elevated heart rates after conflicts [15] . If the aggressor wants to be groomed by her former opponent, handle her infant or feed nearby, it might be important to reassure the victim that she won't resume fighting. Playback experiments show that reconciliation does reduce baboons' concerns about renewed aggression from former opponents, and make victims more likely to approach and initiate interactions with their former aggressors [1, 16] . Thus, animals may use reconciliation as a means to an immediate end. If this reasoning is correct, then rooks may not reconcile with flock
